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SUMMARY 



Tensile and compressive stress-strain curves, stress- 
deviation curves, and secant modulus— s tr e s s curves are 
given for longitudinal and transverse specimens' of 17S— T , 
24S— T , and 24S—RT aluminum— alloy sheet in thicknesses from 
0.032 to 0.081 inch, 1025 car"bon steel, sheet in thicknesses 
of 0.054 and 0.120 inch, and chr omium— nickel steel sheet 
in thicknesses from 0.020 to 0.0275 inch. 

Significant differences were found between the ten- 
sile and the compressive stress— strain curves ,. .and also 
the corresponding corollary curves; similarly, differences 
were. found between the curves for the longitudinal and' 
transverse directions. These differences , are of particu- 
lar importance in considering the compressive strength of 
aircraft structures made of thin sheet. They are explored 
further f or the case of compression- by giving tangent 
modulus— s tres s curves in longitudinal and -trans verse" com- 
pression and dimens ionless curves of the ratio of tangent 
modulus to Young's modulus and of the ratio of reduced - 
modulus for a rectangular section to Young's "modulus", ~both 
plotted against the ratio of stress to secant yield 
s tr ength . 



. INTRODUCTION 



A knowledge of the tensile and the compressive prop- 
erties of thin. sheet metal is essential for the efficient 
design of many parts of aircraft- structures. • The compres- 
sive properties are .of particular importance because the 
design of most of these structures is dictated by compres- 
sive rather than tensile strength. 

A serious difficulty in obtaining the compressive 
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properties of thin sheet metal is" the. tendency of- the 
sheet to buckle at~a stress well "below the yield 
strength. This difficulty is overcome to a large extent 
by the- pack method develop.e.d in recent years at the 
National Bureau of Standards with the support of the 
National Advisory Committee for Aeronautics and the 
Bureau of Aeronautics, Navy Department (references 1 and 
2). Preliminary tests of a number of sheet materials 
used in aircraft showed that large differences may exist 
between the tensile and compressive properties. There 
were also appreciable differences for specimens taken 
lengthwise of the sheet and those taken crosswise. 

For this reason it seemed desirable to obtain the 
tensile and compressive properties of sheet metals used 
in. aircraft, to evaluate these differences, and to pro- 
vide an experimental background for a study and classi- 
fication of stress-strain data. The National Advisory 
Committee for Aeronautics accordingly requested .the 
National Bureau of Standards t~o carry out such an inves- 
tigation. 

The present paper gives the results of tensile and 
pack compressive tests on specimens taken from some 
aluminum alloy and steel sheets in the direction of the 
length of the. sheet and in the direction of the width. 
These results are presented for purposes of—comparison 
rather than for use as typical properties of the materi- 
als. It is hoped that a continuation of this study will 
result in obtaining parameters' or analytical expressions 
that will provide a better descr ipt ion; of the stress- 
strain relationship of some of these materials than those 
in use at present. 



MATERIAL 



The description of the sheet materials is given in 
table I. The sheets having as their source NACA were 
surplus sheets from other investigations for the National 
Advisory Committee for Aeronautics (references 3, 4, and 
5). .The sheets, having as their source Navy Department 
were materials submitted from time, to time by the Bureau 
of Aeronautics,, Navy Department, for mechanical tests. 
The authors take this opportunity to thank the Navy 
Department for permission to include this material in the 
present pap§.r. ............. .... ■ 

Table II. gives the chemical composition of the 
chr omium— nickel steel as supplied by the manufacturers. 
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TENSILE TESTS 



The tensile specimens were taken from ..each sheet in 
the lengthwise direction (longitudinal) and crosswise 
(transverse ) . They were type 5'specimens described in 
reference 6 and complied with specifications in reference 
7 . . • 

The tensile specimens were. tested in team and poise, 
screw type j testing machines. They. were held in Templin 
grips . 

The strain was measured "by a pair of iuckerman 2— 
inch optical- s train, gages . These gages. were attached to 
opposite faces of the reduced section when the specimen 
was under- an initial load. ... . , ". 

The tensile stress-strain curve's are shown in figures 
1 to 20. The figure numbers correspond to the sheet num- 
bers. The origin for each curve was obtained from an ex- 
trapolation to zero stress by a least-square line fitted 
by factorial moments (reference 8). 

The ■ stress— deviation curves were obtained by the 
method proposed by Tuokerman (reference 9). For each 
sheet the trail modulus was the experimental value of 
Young's modulus in longitudinal tension. 

The secant modulus— stres s curves were plotted from 
secant moduli obtained by dividing each value of stress 
by the corresponding value of strain. 

The results of the tensile tests and the tensile 
properties prescribed in current Navy Department speci- 
fications are given in table III. r r 

The experimental value of Young's modulus for each 
specimen from the aluminum alloys, from the carbon steel, 
and also for each transverse specimen from, the' chromium- 
nickel steels was taken as the slope of a ieas t— square 
straight line fitted to the lower portion of the stress- 
strain curve. For each longitudinal specimen from the 
chr omium— nickel steels, the value of Young's modulus was 
taken as the slope of a least— square parabola at' the 
or igin. 

The yield strengths by the. offset method were obtained 
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from the s tre s s— s tra in curves and the experimental values 
of Young's modulus given in table III. 

The yield' 'strength's "by the extens ion— under— load 
method were obtained from the 6 tres s— strain curves and 
the values given in' table III of strain prescribed in the 
specifications for the extens ion— under— load method. 

Sheets 1 to 13, comprising the aluminum alloys and 
the carbon steel, complied with the tensile requirements 
in current specifications. Sheets 14, 15, and 16 of 
chromium-nickel steel passed current tensile specifica- 
tion requirements for l/4— hard, l/2— hard, and 3/4— hard 
temper, respectively, and are considered as such in this 
report. Sheets 17, 18, 19, and 20, of chromium— nickel 
steel passed current tensile specification requirements 
for full— hard temper with the exception that the elonga- 
tion value for sheet 17 was 3.0 percent, not the pre- 
scribed 4,0 percent. These sheets are considered as 
full-hard temper in this report. 



PACK COMPRESSIVE TESTS 



The compressive tests of the aluminum alloy and the 
carbon steel sheets were made by the pack method described 
in reference 1. The compressive tests of the chromium- 
nickel steel sheets were made in accordance with the ex- 
tension of the pack method described in reference 2, 

The specimens for the packs were taken from each 
sheet in the longitudinal direction and in the transverse 
direction. The number of specimens in each pack is given 
in table IV. 

The packs were tested in a vertical, f luid— support , 
B our don— tube , hydraul ic— type , universal testing machine 
of 100 kips capacity. 

The strain was measured by a pair of Tuckerman 1— inch 
optical strain gages. These gage's were attached on each 
side of the pack to the edge of the middle specimen when 
the pack was under an initial load. 

The compressive s t res s—s train curves, the stress- 
deviation curves, and the secant . modulus— stress curves 
are shown in the figures. 



UACA ' Technical Note No! 840 



5 



The' tangent modulus— s tress curves were faired through 
a number of points, each "being an arbitrarily selected 
value of tangent modulus plotted against the corresponding 
value of stress. Each value of stress was obtained on the 
s tres s—s train or the s tres'-s— de.viati on curve by moving'a' 
straight— edge , oriented to correspond to the given value 
of tangent modulus, into tangency wit h the curve. 

In order to facilitate the comparison of the shapes 
of the tangent— modulus curves for the different materials , 
nondimens ional tangent modulus— stress curves are also 
shown. These curves were plotted from values obtained by 
dividing the tangent moduli by Young's modulus and by 
dividing the stresses by the yield strength, secant method 
The yield strength, secant method (after Osgood, reference 
10) was selected so that the nondimens ional curves could 
be^ used for materials the compressive stress— s train curves 
of which are affinely related to any of the s treB s—s train 
curves obtained from these sheets. 

The reduced modulus— s tres s curves for a rectangular 
cross section are also shown as nondimens ional curves. 
These curves were plotted from values obtained by dividing 
the reduced moduli by Young's modulus and by dividing the 
stresses by the yield strength, secant method. The' re- 
duced modulus for a rectangular section (reference 11) is 
given by the following formula: 




where 

E = reduced modulus 



E = Young's modulus 
E CT = tangent modulus 

The results of the compressive tests are given in 
table IV . 

t 

Young's modulus for each specimen was taken as the 
slope of a least-square straight line fitted to the lower 
portion of the s tres s—s train curve. 



The yield strengths, offset me thod , ' wer e obtained 
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from the stress-strain curves and the experimental values 
of Young's modulus given in table IV. 

The yield strengths, secant method, were obtained 
from the stress—strain curves and the values of secant 
modulus * .given . in table IV. 

For sheets 1 to 13, comprising the aluminum alloys 
and carbon steel, the values of compress ive. yield strength, 
both longitudinal and transverse, were greater than the 
specif led. -minimum. values for tens i le . y ie Id strength. 

For sheets. 14 to 19, of chromium-nickel . steels •, the 
longitudinal compressive yield strengths were less than 
the specified tensile yield strengths. The transverse 
c ompres s ive . yield strengths, however ,. were greater than 
the . specif ied, values . For sheet 20_ _oS chromium— nickel 
steel, the values of compressive yield strength, both in 
the longitudinal direction and in the transverse direc- 
tion, were greater than the specified te-nsile yield 
strength for the full— hard temper. For the convenience 
of readers interested in the compressive properties of the 
chr jjmium—nickel s teels , the . information supplied by the 
manufacturers regarding .the chemical composition of sheets 
14 to 20 is given in table II. 



CONCLUSIONS 



The materials considered in this report passed cur- 
rent tensile specification requirements with the exception 
of a longitudinal elongation value from one sheet. Since 
the tensile properties usually exceeded the specified 
minimum values by large amounts, the results cannot be 
considered as representative of material just - meeting 
specif icat ions . 

For the aluminum alloys the yield strengths as de- 
termined either by the offset method or by the extension— 
under— load method were nearly the same for each tensile 
specimen. Likewise, the yield strengths as determined by 
the offset method and by the secant method were- nearly 



*The values of secant modulus were obtained, as" suggested 
by Osgood' in .reference -12 , by multiplying Young's modulus 
by a constant for the material so chosen that, for a ten- 
sile specimen just passing specifications, the yield 
strength obtained by the secant method would be equal to 
the specif-ied minimum yield strength. 
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the same for each pack. The closest agreement of yield 
strengths was "between the transverse tensile and the lon- 
gitudinal compressive values; the difference did not 
exceed 5.2 percent. In each case there was an apprec iable 
difference in the shapes of the curves even when there 
was little' difference between yield strengths. 

For the carbons steels , the longitudinal yield 
strengths were nearly the same in tension and in compres- 
sion and the transverse yield strengths were nearly the 
same. There were, however, marked differences in the 
yield strength with direction. 

In the case of the chromium-nickel steels , the dif- 
ferences between the tensile and compressive properties 
and between the compressive properties in the two direc- 
tions were especially pronounced. Owing to the gradual 
curvature of the s t r e s s—s train curves and the differences 
between the experimental values and the specification 
values for Young's modulus and yield strength, the values 
for yield strength obtained by the extens ion— under— load 
method differed -from those obtained by the offset method 
by amounts up to 9 percent. With the exception of the 
yield strength of the stress— rel ieved specimen, which was 
well above the minimum value specified for tens_ile yield 
strength, the longitudinal compressive yield strengths 
obtained by the secant method were lower than the corre- 
sponding values obtained by the offset method by amounts 
up to 26 'percent. This difference was aVcribed to the 
gradual curvature of the s tres s—s train curves "and to the 
lack of correspondence between the longitudinal compres- 
sive yield strengths and the values specified for t~he 
tensile yield strengths. On the other hand" the yield 
strengths for the transverse packs were above those spec- 
ified for the longitudinal tensile specimens and the 
values obtained "by the secant method were higher than 
those obtained by the offset method. 

The' results given in this paper emphasize the need 
for further consideration of, definitions of yield strength 
for materials with gradually curving s tres s—s train curves. 

In general, the appreciable? differences in the shapes 
of the longitudinal tensile, tha transverse tensile, the 
longitudinal compressive, and the' transverse compressive 
s tres s—s train curves and their ooroi.lary curves suggest 
that they cannot be used interchangeably in precise design 



National Bureau of Standards, 

Washington, D. C, October 20, 1941. 



8 



NACA Technical Note No. 840 



REFERENCES 

» 

1. Aitchison, 0. S f , and Tuokerman , L. B . : The "Pack" 

Method for Compressive Tests of Thin Specimens of 
Materials Used in Thin-Wall Structures. Rep. No. 
649, NACA , 1939. 

2. Aitchison, C. S.:_ Extension of Pack Method for Com- 

pressive Tests. T.N. No. 789, NACA, 1940. 

3. Brueggeman, Wm . C.? Mechanical Properties of Aluminum- 

Alloy Rivets . T.N. No. 585, NACA, 1936. 

4. Brueggeman, W. C: Strength of Voided Aircraft Joints. 

Rep. No. 584, NACA, 1937. 

5. Brueggeman, W. C, and Roop, Frederick 0,.: Mechanical 

Properties of Flush-Riveted Joints. Rep. No. 701, 
NACA, 1940. 

6. Anon.: General Specification for Inspection of. Metals. 

Federal Specification QQ— M— 151a, Federal Standard 
Stock Catalog, sec, IV; pt . 5, Nov. 87, 1936. 

7. Standard Methods of Tension Testing of Metallic Mate- 

rials (E8-36). A,S.T.M. Standards, 1936. 

8. Sasuly, Max: Trend Analysis of Statistics. The 

Brookings Institution, 1934, ch. XIII. 

9. Tuckerman, L. B . : Discussion of ipaper "by R. L. Templin, 

The De't erminat-ijon and Significance of the Propor- 
tional, Limit in the Testing of Metals, A r S,T,M, 
Proc, vol. XXIX, pt. II, 1929, pp. 538-46, 

10. Osgood, W. R.i A Rational Definition of Yield Strength. 

Jour. Appl. Mech, , vol, 7, no, 2, June 1940, pp. 
A-61 -A-62. 

11. von Karman , Th, : Untersuchungen uber Knickf est igkeit , 

Mit teilungeh uber Forschungsarb e iten . Ver, deutsch. 
Ing. , Heft 81 , 1910. 

12. Osgood, William R,': Column 'Strength of Tubes Elasti- 

cally Restrained against Rotation at the Ends, Rep. 
No. 615, NACA, 1938. 



NACA Technical Note Mo. 840 
TABLE I.- DESCRIPTION 0E~ MATERIALS TESTED 



9 



Sheet 



Description 



Aluminum alloy 17S-T 

Aluminum alloy 2HS-T 
do 



-do- 



Aluminum alloy 2>+S-RT 
do 



do 



-do- 



1025 carbon steel 



Chromium-nickel steel 

do 

do 

do 

do 



Nominal 
thickness 
of sheet 
(in.) 



0.032 
.051 

.032 

.064- 
.081 

.032' 
.032 
.051 
.061+ 
.081 
.081 

.0514- 

.120 

.020 
.020 
.020 
.020 
.020 

.ozh 

.0275 



Source 



NACA 
do 

Navy Dept. 

do 

do 



NACA 
Navy Dept. 

NACA 
Navy Dept. 

NACA 
Navy Dept. 

NACA 
do 



«avy Dept . 
do-—- 

do 

do 

do 



Navy specifications 



When material 
was acquired 



do— 



kjAlO 

do- 

do- 



h7A10INT 

lj-7A10a . 

47A10INT 

lJ7A10a 

1J7A10INT 

h7A10a 

47S17a 
do 



Current 



U7A3C 
— do 



lJ7A10d 

—do 

__do 



1*7S21 
do- 



do- 

do- 

do- 



— do- 
— do- 



do- 

do- 

do- 

do- 

do- 

do- 



AN-QQ-8-65I 
-do-!-— r-— 



4-7S21a 

—do 

._do 

—do 



-do- 



-do- 
~do- 
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TABLE II 

CHEMICAL COMPOSITION" OF CHROMIUM-NICKEL STEELS , 
AS SUPPLIED BY THE MANUFACTURERS 



Sheet 


Carbon 


Manganese 


Chromium 


Nickel 




(percent) 


(percent) 


(percent) 


(percent) 


ih 


0.11 


O.76 


17. S 


7.8 


15 


.10 


.72 


17.H 


7.5 


16 


.13 


.63 


17.5 


. 7.3 


17 


.OS 


•35 


18.1J- 


3.0 


18 


.13 


.3* 


17.0 


7.0 


19 


.13 


• 38 


17.1 


7-2 


a 20 


.12 


•*7 


17.96 


7.01 



^he manufacturer of sheet 20 stated that it 
had a stress-relieving heat treatment after 
cold rolling. 



1 13 LI III.- HIB0LT8 OF 7MBIL1 IKSTS 



Sheet 



Material 



Hoadnal 
tMolcaeae 
of ihett 

(in.) 



Direction 



8p»oif laation TalUM 



Strain 
praaorlbed 
Joe yield 
otrength, 
extenaioa 
under Load 



young' • 
■odulua 



(kipa/eg la.) 



yield 
atmngtb 



<x.lpe/eq in.) 



■lnlauai 

tensile 
atrength 



Mild ma 
elonga- 
tion In 

3 ljuhfll 



(percent) 



'Tent raeulte 



Toung 1 ■ 
■odulun 



<klpa/eq is.) 



Held atrength 



Offeet netbod, 
offaet - 0.2 
percent 

<kipe/«q m-> 



Iittuieion 
cinder load 
method 

(Upe/aq in.) 



Teaalle 

atrengtb 

(fcLpa/eq In.) 



1 
3 
3 

i 

5 

e 

7 

e 

9 

10 

n 
it 

13 
14 
16 
IS 
IV 

la 

19 

to 



aluclnuai alloy 178-1 
do 



ilwlnu alloy 3*8-1 

do 



alunlnum alloy MS-RT. 
do 



— do- 



— do- 



1085 carbon eta el 

do 



Ohromiun-nloiel ateel 



-do- 



_do- 
-do- 



Jo- 



o.osa 

.061 
.038 
.084 
.081 

.o3a 

.030 

.061 

.064 

.081 

.081 

.064 

.ISO 

.080 

.080 

.030 

.080. 

.080 

.034 

.0875 



Longitudinal 
Tranarorao 
Longitudinal 
Tranareraa 
Longitudinal 
Tranavorae 
Longitudinal 
Iranaraiae 
Longitudinal 
Transrarae 
Longitudinal 
Truer erae 
Longitudinal 
Tranereree 
Longitudinal 
Tranererat 
Longitudinal 
Tranereree 

Tranereree 

Longltodlnal 

TTanareree 

Longltadijial 

Tranarerne 

Longitudinal 

Tranararaa 

Longitudinal 

Trenererae 

Longitudinal 

Tranararaa 

Longitudinal 

TTanarerne 

Longitudinal 

Tranaverae 

Longirodinel 

Tranereree 

Longitudinal 

Tranarerae 

Longitudinal 

TranaTsrae 



0,0058 
,0058 
.0033 
.0053 
.0080 
.0030 
.0050 
.0060 
.0060 
,0060 
.0070 
,0070 
.0070 
.0070 
.0070 
.0070 
.0070 
,0070 
,0070 
.0070 
.0070 
.0070 
.0042 
.0048 
.0048 
.0048 

0.00488 



o.0071fl 
e.00736 
o!00^3B 

, < d i 
c .0O73B 

°. 007 58 

(a) 



*10,000 
10,000 

10,000 

10,000 
10,000 
10,000 
10,000 
10,000 
10,000 
10,000 
10,000 
10,000 
10,000 
10,000 
10,000 
10,000 
10,000 
10,000 
10,000 

10,000 

10,000 
10,000 

b 50,000 
SO 000 
30,000 

' 20,000 

w 

38, 000 
35*000, 
Do, 000 



98.0 
58.0 
33.0 
33.0 
40.0 
40.0 
40.0 
40.0 
40.0 
40.0 
60. 0 
60.0 
60.0 
50.0 
60,0 
60,0 
60,0 
60.0 
50.0 
50,0 
50.0 
50,0 
56.0 
55.0 
36.0 
56.0 
. 75.0 

(d) 
110.0 

155.0 

(4) 
140.0 

140,0 
<d} 



65.0 
66.0 
66.0 
56.0 
58.0 
68.0 
63.0 
63.0 
63.0 
63.0 
65.0 
66.0 
66.0 
66.0 
65,0 
65.0 
65.0 
55.0 
55.0 
55.0 
55.0 
S5.0 
65,0 
55.0 
65.0 
65.0 
185.0 

iio!o 

a} 

175.0 

iee!o 
lesia 

186.0 

(a) 



18.0 
18.0 
18.0 
18.0 
16.0 
15,0 
17.0 
17.0 
17.0 
17.0 
11.0 
11.0 
11,0 
11,0 
13.0 
13.0 
13.0 
13.0 
13.0 
1B.0 
13.0 
18.0 
11.0 
11.0 
16.0 
14,0 
88.0 

iio/a 

5,0 
<d> 

*{° 
(4 

4.0 

< d) „ 
4.0 

(di 

4.0 

<U 



10,400 
10,500 
10,330 
10,370 
10,600 
10,300 
10,500 
10,490 
10,480 
10,480 
10,500 
10,560 
10, 410 
10,580 
10,440 
10,580 
10,450 
10,610 
10.440 
10,590 
10,470 
10,480 
30,090 
31,630 
30,570 
31,140 
88,180 
88,7B0 
88,840 
89,070 

39,640 
36,770 
39,010 
37,840 
39,060 
37,860 
89,000 
37,830 
31,030 



40.1 
34.5 
41.5 
36.8 
66.3 
45.1 
58.1 
45.6 
55.1 
44.1 
61.6 
54.8 
05.6 
56.6 
83,0 
58.5 
83.4 
S8.6 
53. 6 
58. 4 
89,8 
68. 8 
61.6 
64.1 
63.8 
55.1 
106.4 
98. B 
185,8 
131.1 
143.8 
137.* 
173. B 
168.7 
176.6 
160.8 
156.8 
149.7 
169.3 
180.4 



40.0 
34.4 
41.4 
35.8 
54.7 
47.0 
51.6 
45.1 
53.8 
43.6 
61,6 
54.0 
65.3 
55.8 
68.6 
55.8 
68. B 
55.8 
63,8 
55.8 
63.4 
55.4 
61.6 
64.1 
63.6 
55.1 
97.9 
93,1 
183.8 
131,7 
143,0 
140.8 
157.5 
160.9 
183,8 
158. B 
183.8 
151.8 
150.6 
176.5 



58.7 
57,6 
80.7 
59.3 
70.4 
67.7 
69.3 
66.3 
70.8 
68.1 
73.5 
71.5 
76.3 
74.7 
74.3 
73,0 
75.0 
73.4 
74.8 
78. 7 
74.7 
78.3 
76.1 
77,6 
69.7 
71.6 
174.3 
173.3 
154,0 
167,4 
188,8 
199.8 
189. S 
804,1 
804,5 
811.7 
186,6 
193.0 
197.7 
804.6 



•oompirtod fro* apacdflad yield atrengtb, epeoifled art melon under load and an offaet of 0.3 percent. 

"ooapoted froa epealfled yield atrengtb, opacified extenelon under load and an offeet of 0.3 pa re ant. 

"ooMputod in oortforaity wllh the value of Toung 1 a aodulna preejorlbed In current aped float ion. 

dtna current a pacification anrliaa only to longitudinal apoolawna. Whan required, the relua preaorlbed 
for the longitudinal epeeiaen aaa need for the tranerareo apcoiaen. 



TABLE IT.- RESULTS OT FACE OOHPMBSIVI TESTS 



Sheet 



Material 



Momlnal 
thickness 
of sheet 
(in.) 



Dlreotion 



Buaber of 
specimens 
in a paok 



Young's 
modulus 

(kips/aq in.) 



B eo ant 
modulus 

(klps/sq in.) 



Yield strength 



Offset method, 
offset ■ 0.8 

peroent 
(kipe/eq In.) 


Secant 
net hod 

(kipe/aq 3 


33.4 


33.3 


37.4 


37.7 


36.4 


35.6 


39. 6 


40.3 


46.5 


47.1 


50.4 


61.1 


44.0 


44,3 


49.1 


49.7 


.43.3 


43.6 


47.8 


48.3 


51.4 


61.1 


57.5 


57.8 


55.7 


65.9 


"61.4 


■61.9 


53.8 


53.9 


59.2 


59.7 


55.1 


55.3 


60.4 


61.0 


53.6 


53.7 


60.3 


60.8 


54.0 


54.1 


60.3 


60.8 


69.7 


59.6 


63.6 


83.6 


5S.0 


53.3 


DO . X 


CD n 


73.6 


70.3 


121.8 


134.9 


73.5 


69.1 


136.7 


139.8 


83.4 


61.6 


165.4 


169.7 


97.9 


81.7 


191.3 


199.1 


111.0 


95.4 


197.5 


208.2 


91.4 


76.0 


181.0 


186.7 


161.6 


164.9 


303.3 


207.7 



1 

2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
13 
13 
14 
16 
16 
17 
18 
19 
20 



Aluminum alloy 178-T 

do 



Aluminum alloy 348- T 

Aluminum alloy 24B-RT 
do 



--do- 



do- 

do- 

do- 



1025 carbon steel 

do 



Ohromiun-ni okal steel 
do 



_do- 



— do- 
— do- 



-do- 



~do- 



0.033 
.051 
.033 
.064 
.081 
.033 
.032 
.051 
.064 
.081 
.081 
.064 
.130 
.020 
.030 
.020 
.020 
.020 
.024 
.0376 



Longitudinal 
Transverse 
Longitudinal 
Transverse 
Longitudinal 
Transverse 
Longitudinal 
Transverse 
Longitudinal 
Transverse 
Longitudinal 
Transverse 
Longitudinal 
Transverse 
Longitudinal 
Transverse 
Longitudinal 
Transverse 
Longitudinal 
Transverse 
Longitudinal 
Transverse 
Longitudinal 
Transverse 
Longitudinal 
Transverse 
Longitudinal 
Transverse 
Longitudinal 
Transverse 
Longitudinal 
Transverse 
Longitudinal 
Transverse 
Longitudinal 
Transverse 
Longitudinal 
Transverse 
Longitudinal 
Transverse 



13 
13 
5 
5 
13 
13 
5 
5 
5 
6 
13 
13 
13 
17 
7 
7 
7 
7 
5 
5 
6 
6 
5 
5 
5 
5 
31 

31, 
31 

31 
31 
31 
31 
31 
31 
' 31 
26 
35 
23 
23 



10,530 
10,460 
10,570 
10,580 
10,680 
10,620 
10,650 
10,710 
10,610 
10,660 
10,800 
10,750 
10,840 
10,760 
10,680 
10,730 
10,750 
10,770 
10,720 
10,760 
10,780 
10,740 
30,780 
32,660 
31,310 
31,790 
38,070 
28,980 
38,100 
39,360 
37,610 
28,990 
36,120 
39,660 
87,370 
39,260 
37,390 
29,810 
37,600 
31,680 



6,480 
6,440 
6,510 
6,610 
7,120 
7,080 
7,100 
7,140 
7,080 
7,100 
7,730 
7,680 
7,740 
7,680 
7,630 
7,670 
7,680 
7,700 
7,660 
7,680 
7,660 
7,680 
8,780 
9,330 
8,940 
9,080' 
16,680 
17,110 
19,080 
19,860 
19,930 
20,930 
19,040 
21,630 
19,960 
21,330 
19,900 
21,370 
20,120 
33,020 



*Buokled at 61.0 kipe/aq ia. 
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Figure 1.- Sheet X. Aluminum 
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figure 3.- Sheet 3. Aluminum alloy 348-T; thickness, 0.033 inch. 
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i) Nondimensional reduced modulus -stress curves. 
Figure 4.- Sheet 4. Aluminum alloy 248-T; thickness, 0.064 inch. 
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Figure 5.- Sheet 5. Aluminum alloy 848-T; thickness, 0.081 inch. 
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Figure 6.- Sheet 6. Aluminum alloy 848 -RT; thickness, 0.033 inch. 
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Figure 7.- Sheet 7. Aluminum alloy 248-RT; thicknese, 0.033 inch. 
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Figure 8.- Sheet 8. Aluminum alloy 248-RT; thickness, 0.051 inch. 
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figure 9.- Sheet 9. Aluminum alloy 248-RT; thickneea, 0.064 inon. 
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Figure 10.- Sheet 10. Aluminum alloy 848-RT; toiokness, 0.081 ineh. 
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figure 11.- Sheet 11. Aluminum alloy 248-RT; thiokne«8, 0.081 inoh. 
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Figure 13.- Sheet 13. 1035 carbon steel; thickness, 0.120 inch. 
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Figure 17.- Sheet 17. Ohromlum-nlckel eteel full bard; thlokneas, 0.020 inch. 
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Figure 19.- Shoet 19. Ohxomium-niokel steel full bard; thickness, 0.024 inch. 
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figure 80.- 8h88t SO. Ohromlum-nlckel ateel full hard; thiokneaa, 0.0S75 inoh. 



